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,QWURGXFWLRQ
6RGLXPFRROHG IDVW UHDFWRU 6)5 WHFKQRORJ\ UHSUHVHQWV WKH VHFRQG RI WKH WKUHHVWDJH QXFOHDU SURJUDPPH
HQYLVLRQHGIRU,QGLDWRPDNHXVHRIWKHODUJHWKRULXPUHVHUYHVDYDLODEOH>@,Q,QGLDWKH)DVW%UHHGHU7HVW5HDFWRU
)%75 RI 0: WKHUPDO KDV EHHQ RSHUDWLQJ VXFFHVVIXOO\ IRU RYHU \HDUV DW WKH ,QGLUD *DQGKL &HQWUH IRU
$WRPLF5HVHDUFK.DOSDNNDP>@%DVHGRQ WKLVH[SHULHQFHD0:H3URWRW\SH)DVW%UHHGHU5HDFWRU3)%5




$XVWHQLWLF VWDLQOHVV VWHHOV 66 ZLWK DSSURSULDWHPHFKDQLFDO SURSHUWLHV DUH FUXFLDO IRU UHDOL]DWLRQ RI 6)5V ,Q
6)5VDXVWHQLWLF66DQGLWVYDULDQWVDUHWKHSUHIHUUHGFDQGLGDWHPDWHULDOVIRUKLJKWHPSHUDWXUHUHDFWRUVWUXFWXUDO
FRPSRQHQWVRSHUDWLQJDERYH.GXHWRWKHLUDGHTXDWHKLJKWHPSHUDWXUHWHQVLOHDQGFUHHSVWUHQJWKVFRPSDWLELOLW\
ZLWK OLTXLG VRGLXP FRRODQW HDVH RI IDEULFDWLRQ ZHOGDELOLW\ DQG FRPPHUFLDO DYDLODELOLW\  66 XVHG LQ 6)5V
GLIIHUV IURP FRQYHQWLRQDO JUDGH RI  66 ZUW FORVH FRQWURO RQ FRPSRVLWLRQ WR DYRLG VFDWWHU LQ PHFKDQLFDO
SURSHUWLHV ,Q JHQHUDO DXVWHQLWLF 66 KDYH UHODWLYHO\ SRRU UHVLVWDQFH WR LQWHUJUDQXODU VWUHVVFRUURVLRQ FUDFNLQJ
,*6&& LQ FKORULGH DQG FDXVWLF HQYLURQPHQWV:HOG MRLQWV RI  66 H[SRVHG WR FKORULGH HQYLURQPHQWV IDLO E\
,*6&&LQWKHKHDWDIIHFWHG]RQH+$=GXHWRFRPELQHGLQIOXHQFHRIVHQVLWL]DWLRQDQGSUHVHQFHRIUHVLGXDOVWUHVVHV
LQWURGXFHGGXULQJZHOGLQJ+HQFHDQLWURJHQDOOR\HGORZFDUERQYHUVLRQZW&PD[RIWKLVVWHHO/1
66 LV FKRVHQ IRU KLJKWHPSHUDWXUH UHDFWRU VWUXFWXUDO FRPSRQHQWV RI WKH ,QGLDQ 3URWRW\SH )DVW %UHHGHU 5HDFWRU
3)%5)RU WKH/166XVHG LQ3)%5±ZWQLWURJHQ LV VSHFLILHG WRFRPSHQVDWH IRU ORVV LQ VROLG
VROXWLRQ VWUHQJWKHQLQJGXH WR UHGXFHG FDUERQ FRQWHQWZLWK DGGLWLRQ RI QLWURJHQ VXEVWDQWLDOO\ LQFUHDVLQJ LWV FUHHS
UXSWXUHOLIH7KHEHQHILFLDOHIIHFWVRIQLWURJHQDULVHGXHWRKLJKHUVROXELOLW\RIQLWURJHQLQ WKHPDWUL[WKDQFDUERQ
ORZHUVWDFNLQJIDXOWHQHUJ\RIWKHPDWUL[DQGLQWURGXFWLRQRIVWURQJHODVWLFGLVWRUWLRQVLQWKHFU\VWDOODWWLFHJLYLQJ
ULVH WR VWURQJ VROLG VROXWLRQ KDUGHQLQJ1LWURJHQ DOVR DIIHFWV GLIIXVLYLW\ RI FKURPLXP LQ DXVWHQLWLF 66 OHDGLQJ WR
UHWDUGLQJRIFRDUVHQLQJRI0&WKHUHE\UHWDLQLQJ WKHEHQHILFLDOHIIHFWVRIFDUELGHSUHFLSLWDWLRQ WR ORQJHU WLPHV
)RUIXUWKHULPSURYLQJKLJKWHPSHUDWXUHPHFKDQLFDOSURSHUWLHVRI/166KHDWVZLWKGLIIHUHQWQLWURJHQFRQWHQWV
ZHUH SURGXFHG DQG HYDOXDWLRQ RI WHQVLOH FUHHS ORZ F\FOH IDWLJXH FUHHSIDWLJXH LQWHUDFWLRQ DQG ZHOGDELOLW\
SURSHUWLHV OHG WR GHYHORSPHQW RI RSWLPLVHG QLWURJHQHQKDQFHG /166ZLWK EHWWHU FRPELQDWLRQ RIPHFKDQLFDO
SURSHUWLHVWRHQDEOHDFKLHYLQJORQJHUGHVLJQOLIHRI\HDUVRUPRUH0DWFKLQJFRPSRVLWLRQZHOGLQJFRQVXPDEOHV
KDYHDOVREHHQGHYHORSHGIRUZHOGLQJRIWKHRSWLPLVHGFRPSRVLWLRQQLWURJHQHQKDQFHG/166





LQDSSOLHGVWUHVV WKHZHOG MRLQWVRI WKLVVWHHODVZHOODV WKRVHRIRWKHUIHUULWLFVWHHOV IDLO LQ WKH ILQHJUDLQDQGRU




FRQWHQW 3DUWLDO UHSODFHPHQW RI FDUERQ LQ0& W\SH FDUELGHVZLWK ERURQ UHWDUGV WKH FRDUVHQLQJNLQHWLFV RI WKH
FDUELGHV WKDWFRQWULEXWH WR UHGXFWLRQ LQ WKHUHFRYHU\RIGLVORFDWLRQVDQGFRQVHTXHQWGHFUHDVH LQFUHHSUDWH%RURQ
DGGLWLRQ DOVR LQIOXHQFHV WKH PLFURVWUXFWXUDO HYROXWLRQ LQ WKH +$= GXULQJ ZHOGLQJ DQG FRQVHTXHQWO\ WKH +$=




FRQWHQW KDV WR EH UHGXFHG VXEVWDQWLDOO\ >@ WR HQVXUH WKDW WKH EULWWOH ERURQLWULGH SKDVH GRHV QRW IRUP +RZHYHU
UHGXFWLRQLQQLWURJHQFRQWHQWUHGXFHVWKHYROXPHIUDFWLRQRI0;W\SHSUHFLSLWDWHVWKDWDUHUHVSRQVLEOHIRULPSURYLQJ
WKHKLJKWHPSHUDWXUHFUHHSVWUHQJWKRI3VWHHO7KHUHIRUHQLWURJHQFRQWHQWKDVWREHRSWLPLVHGWRHQVXUHLQFUHDVHG
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DQGZHOGDELOLW\EHKDYLRUKDVEHHQ LQYHVWLJDWHG LQ IRXUKHDWVRI/166ZLWKYDU\LQJQLWURJHQFRQWHQWRI
DQGZWLQZKLFKWKHUHVWRIWKHFRPSRVLWLRQZDVNHSWXQDOWHUHGLQFOXGLQJWKHFDUERQFRQWHQWWR
ZWPD[







2.2. Creep Properties 
7KHUHLVVLJQLILFDQWLQFUHDVHLQFUHHSUXSWXUHOLIHZLWKLQFUHDVHLQQLWURJHQFRQWHQWDWDOOVWUHVVOHYHOVLQWKHUDQJH
03D )LJZLWK WKH UXSWXUH OLIH LQFUHDVLQJE\ DOPRVW WHQ WLPHVZLWK LQFUHDVLQJQLWURJHQ FRQWHQW IURP
WRZW7KHEHQHILFLDOHIIHFWVRIQLWURJHQDULVHGXHWRKLJKHUVROXELOLW\RIQLWURJHQLQWKHPDWUL[WKDQWKH
FDUERQUHGXFWLRQLQVWDFNLQJIDXOWHQHUJ\RIWKHPDWUL[DQGLQWURGXFWLRQRIVWURQJHODVWLFGLVWRUWLRQVLQWRWKHFU\VWDO
ODWWLFH JLYLQJ ULVH WR VWURQJ VROLG VROXWLRQ KDUGHQLQJ >@ 1LWURJHQ DOVR DIIHFWV WKH GLIIXVLYLW\ RI FKURPLXP LQ
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
)LJ,QIOXHQFHRIQLWURJHQRQFUHHSSURSHUWLHVRI/166DW.
2.3. Low Cycle Fatigue Properties 
6WXGLHVRQ WKH LQIOXHQFHRIQLWURJHQFRQWHQWRQ ORZF\FOHIDWLJXH/&)SURSHUWLHVDWYDULRXVVWUDLQDPSOLWXGHV





PDWUL[ KDUGHQLQJ DQG FRQVHTXHQW GHFUHDVH LQ UHVLGXDO GXFWLOLW\ )DWLJXH FUDFN LQLWLDWLRQ DQG SURSDJDWLRQ LV
WUDQVJUDQXODU ZLWK WKH FUDFN LQLWLDWLRQ WDNLQJ SODFH DORQJ VOLS EDQGV RQ WKH VSHFLPHQ VXUIDFH ,QLWLDO FUDFN
SURSDJDWLRQRFFXUV RYHU RQO\ RQHRU WZRJUDLQ GLDPHWHUV DORQJ VOLS SODQHV RULHQWHG DW DURXQGq WR WKH DSSOLHG
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167 1'7 DQG'57 VKRZHG WKDW ZLWK LQFUHDVLQJ QLWURJHQ FRQWHQW 167 GHFUHDVHV XSWR  ZW1 EH\RQG
ZKLFKLWLQFUHDVHVDJDLQZKLOHLWVHIIHFWRQ'57LVWKHUHYHUVH+RZHYHU1'7GHFUHDVHVOLQHDUO\ZLWKLQFUHDVLQJ
QLWURJHQFRQWHQW,QKRWGXFWLOLW\WHVWVQLOGXFWLOLW\UDQJH1'5 167±'57ZKLFKPHDVXUHVKRZIDVWGXFWLOLW\
UHFRYHUVGXULQJRQFRROLQJ WHVW LV .DQG. IRUZW1DQGZW1 VWHHOV UHVSHFWLYHO\ZLWK WKH
PLQLPXPEHLQJ.IRUWKHZW1VWHHO7KH9DUHVWUDLQWWHVWVFRQILUPHGWKDWWKHZW1VWHHOKDVWKH




FUDFNLQJ VXVFHSWLELOLW\7KLVQHFHVVLWDWHGGHYHORSPHQW DQGTXDOLILFDWLRQRI VKLHOGHGPHWDO DUFZHOGLQJHOHFWURGHV
ZLWKFKHPLFDO FRPSRVLWLRQRIZHOGPHWDO VSHFLILHG WRFRQWDLQZW1EDVHGRQHYDOXDWLRQXVLQJ WKH:5&




7DEOH$OVR WR HQVXUH DGHTXDWH UHVLVWDQFH WRERWKKRW FUDFNLQJ DQG HOHYDWHGWHPSHUDWXUH IRUPDWLRQRI VLJPD
SKDVHGHOWDIHUULWHFRQWHQWRI)1LVVSHFLILHGIRUWKH(1ZHOGPHWDO
7DEOH&KHPLFDOFRPSRVLWLRQLQZWDQGGHOWDIHUULWHFRQWHQWLQ)1RI(ZHOGPHWDOIRUZHOGLQJHQKDQFHGQLWURJHQ/166




















































































PLQLPXP WRXJKQHVV RI GD-FP DIWHU .K DJHLQJ KHDW WUHDWPHQW 7KLV UHTXLUHPHQW DVVHVVHV WKH
VXVFHSWLELOLW\ RI WKHZHOGPHWDO WR HPEULWWOHPHQW E\ VLJPDSKDVH E\ WUDQVIRUPDWLRQ RI GHOWDIHUULWH GXULQJ KLJK
WHPSHUDWXUH H[SRVXUH DQG IRU ZKLFK WKH0R FRQWHQW KDV WR EH FDUHIXOO\ FRQWUROOHG WR WKH ORZHU OLPLW $QRWKHU






QLRELXPFDUERQLWULGH 0; SDUWLFOHV RQ WHPSHULQJ DQG GXULQJ FUHHS H[SRVXUH WR FRQIHU UHODWLYHO\ KLJK FUHHS
VWUHQJWK7KHGHWDLOHGPLFURVWUXFWXUH LQ WKH+$=RI IHUULWLF VWHHOV LV H[WUHPHO\ FRPSOH[ DQG LV FRQWUROOHG E\ WKH
LQWHUDFWLRQRIWKHUPDOILHOGVSURGXFHGE\WKHKHDWLQSXWIURPWKHZHOGLQJSURFHVVDQGWKHSKDVHWUDQVIRUPDWLRQDQG
JUDLQJURZWKFKDUDFWHULVWLFVRI WKHPDWHULDOVEHLQJZHOGHG)XUWKHUPRGLILFDWLRQV LQPLFURVWUXFWXUHFDQRFFXUDVD
UHVXOW RI WHPSHULQJ HLWKHU GXULQJ WKH ODWHU VWDJHV RIPXOWLSDVVZHOGLQJ DQG SRVWZHOG KHDWWUHDWPHQW 3:+7 RU
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GXULQJVHUYLFH7KHVHPLFURVWUXFWXUHVZKLFKJHQHUDOO\YDU\IURPZURXJKWEDVHPDWHULDOWKURXJKWUDQVIRUPHG+$=












UXSWXUH OLIH ,Q WKLV GLUHFWLRQ LW KDVEHHQ DOUHDG\EHHQ VKRZQ WKDWERURQ DGGLWLRQ LQ3 VWHHO QRW RQO\SURGXFHV
VWDEOHPLFURVWUXFWXUHV LW DOVRSURGXFHV UHODWLYHO\XQLIRUPPLFURVWUXFWXUH DFURVV WKH+$=RI WKHZHOG MRLQW >@
7KHKLJKHUFUHHSVWUHQJWKRIERURQDGGHGVWHHOLVDWWULEXWHGWRWKHVWDEOHPLFURVWUXFWXUHGXHWRWKHSUHVHQFHRIILQH
0&SUHFLSLWDWHVZKLFKUHGXFHUHFRYHU\RIGLVORFDWLRQVDQGGHFUHDVHVWKHFUHHSUDWH+RZHYHUWKHUHLVDQHFHVVLW\
WR RSWLPL]H WKH ERURQ DQG QLWURJHQ FRQWHQWV WR XVH WKH EHQHILFLDO HIIHFWV RI WKHVH HOHPHQWV E\ HQVXULQJ WKDW WKH
ERURQLWULGH SUHFLSLWDWHV GR QRW IRUP GXH WR PDUJLQDO LQFUHDVH LQ WKHLU FRQWHQWV ,QVWHDG WKH EHQHILFLDO HIIHFW RI
QLWURJHQFDQEHXWLOLVHGWKURXJKWKHIRUPDWLRQRI0;W\SHRISUHFLSLWDWHVZKLFKIXUWKHUUHGXFHVWKHPRYHPHQWRI
IUHHGLVORFDWLRQDQGIXUWKHUGHFUHDVHLQFUHHSUDWH
%RURQDGGHG3 VWHHOZLWK YDU\LQJ ERURQ DQG QLWURJHQ LV XVHG IRU WKH SUHVHQW VWXG\ZHUH UHFHLYHG IURP DQ




$OOR\ & 6L 0Q 3 6 &U 0R 9 1E % 1 1L &X $O )H
3%1               %DO
3%1               %DO






















































































3.1. Microstructure of base metal 
7KHPLFURVWUXFWXUHVRIWKHQRUPDOL]HGDQGWHPSHUHGERURQIUHHDQGERURQDGGHGEDVHPHWDOVFRQVLVWRIWHPSHUHG
ODWK PDUWHQVLWH KDYLQJ KLJK GLVORFDWLRQV GHQVLW\ DQG SUHFLSLWDWHV GHFRUDWLQJ WKH ERXQGDULHV &RPSDULVRQ RI WKH
W\SLFDO 7(0 EULJKW ILHOG LPDJH RI WKH ERURQIUHH DQG ERURQDGGHG 3 VWHHO EDVH PHWDOV )LJV D DQG E
UHVSHFWLYHO\FOHDUO\GHPRQVWUDWHWKDWWKHSUHFLSLWDWHVDUHILQHULQWKHERURQDGGHGEDVHPHWDOWKDQLQWKHERURQIUHH
EDVHPHWDO
604   A.K. Bhaduri and K. Laha /  Procedia Engineering  130 ( 2015 )  598 – 608 
3.2. Microstructure of heat-affected zone 
7KHPLFURVWUXFWXUHVRI&*+$=)*+$=DQG,&+$=RIERURQIUHHDQGERURQDGGHGVWHHOZHOGMRLQWVDUHVKRZQ
LQ )LJVD WR I 7KHVH SKRWRPLFURJUDSKV ZHUH WDNHQ IURP WKH +$= RI ZHOG MRLQWV DW   DQG PP
GLVWDQFH IURP WKH ZHOG LQWHUIDFH 7KH PLFURJUDSK RI WKH &*+$= RI ERURQIUHH VWHHO VKRZV FOHDUO\ GHILQHG
PDUWHQVLWLF ODWK VWUXFWXUH )LJD EXW WKH ODWK VWUXFWXUH LV QRW FOHDUO\ GHILQHG LQ WKHPLFURVWUXFWXUH RI ERWK WKH
)*+$=)LJFDQG,&+$=)LJH$ODUJHYDULDWLRQLQSULRUDXVWHQLWHJUDLQVL]HLQGLIIHUHQWSDUWVRIWKH+$=
RIWKHERURQIUHHVWHHOZHOGMRLQWLVHYLGHQW2QWKHRWKHUKDQGWKHODWKVWUXFWXUHLVFOHDULQWKH&*+$=)LJE
)*+$= )LJG DQG ,&+$= )LJI RI WKH ERURQDGGHG VWHHO ZHOG MRLQW )LJXUHI VKRZV YHU\ ILQH JUDLQV
PDUNHGE\DUURZVGHFRUDWLQJWKHRULJLQDOSULRUDXVWHQLWHJUDLQERXQGDULHVLQWKH,&+$=RIWKHERURQDGGHGVWHHO
ZHOGMRLQW7KRXJKSULRUDXVWHQLWHJUDLQVL]HLVVLPLODULQGLIIHUHQWUHJLRQVRIWKH+$=LQERURQDGGHGVWHHOZHOG
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3.3. Hardness distribution across weld joint 
7KHKDUGQHVVGLVWULEXWLRQVDFURVVWKHZHOGLQWHUIDFHRIWKHERURQIUHHDQGERURQDGGHG3VWHHOZHOGMRLQWVDUH
VKRZQLQ)LJ7KHKDUGQHVVRIWKHZHOGPHWDOLVa9+1LQERWKWKHZHOGMRLQWV7KHKDUGQHVVRIWKH&*+$=
DWPPIURPWKHZHOG LQWHUIDFHRI WKHERURQIUHHDQGERURQDGGHG3VWHHOZHOG MRLQWV LVDQG9+1










3.4. Tensile strength of weld joints 
)RUERURQIUHHDQGERURQDGGHG3VWHHOZHOGMRLQWVWKHXOWLPDWHWHQVLOHVWUHQJWKVDWURRPWHPSHUDWXUHDUH
DQG03DUHVSHFWLYHO\ZKLOH WKRVHDW.DUHDQG03DUHVSHFWLYHO\7KHUHIRUHDGGLWLRQRIERURQ
GRHV QRW OHDG WR DQ\ VLJQLILFDQW GLIIHUHQFH LQ WKH WHQVLOH VWUHQJWKV RI 3 VWHHOZHOG MRLQWV DW URRP DQG HOHYDWHG
WHPSHUDWXUHV$OVRIRUDOOWKHWHQVLOHWHVWVWKHORFDWLRQRIIDLOXUHLVLQWKHEDVHPHWDOFORVHWRWKH+$=EDVHPHWDO
LQWHUIDFH
3.5. Creep properties  
6WXGLHVKDYHEHHQFDUULHGRXWRQSSPERURQDGGHGVWDQGDUGDVSHU3)%5VSHFLILFDWLRQ3VWHHOFRQWDLQLQJ
DERXWSSPQLWURJHQ&UHHSVWXGLHVRQWKLVVWHHODQGLWVIXVLRQZHOGHGMRLQWKDYHVKRZQQREHQHILFLDOHIIHFWRI
ERURQRQ FUHHS UXSWXUH VWUHQJWK RI WKH ERURQDGGHG3 VWHHO FRQWDLQLQJSSPRI QLWURJHQ DQG LWVZHOG MRLQW
)LJ7KLVFRQILUPVWKDWWKHFRQWHQWVRIERWKERURQDQGQLWURJHQLQWKH3VWHHOKDYHWREHMXGLFLRXVO\FRQWUROOHG
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FORVH WR WKH+$=EDVHPHWDO WUDQVLWLRQ]RQHZLWKLQ WKH ,&+$=)LJDZKLFK LV WKH W\SLFDO7\SH,9FUDFNLQJ
ORFDWLRQ+RZHYHUWKHIUDFWXUHORFDWLRQLQWKHERURQDGGHGVWHHOZHOGMRLQWLVLQWKHZHOGPHWDO)LJE7KHVH




'HWDLOHG HYDOXDWLRQ RI WHQVLOH FUHHS ORZF\FOH IDWLJXH FUHHSIDWLJXH LQWHUDFWLRQ DQG ZHOGDELOLW\ OHG WR WKH
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